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C-PHYCOCYANIN FROM MASTIGOCLADUS LAMINOSUS: CHROMOPHORE 
ASSIGNMENT I N HIGHER AGGREGATES BY CYSTEIN MODIFICATION 
R. F i s c h e r , S. Siebzehnrübl and H. S c h e e r 
B o t a n i s c h e s I n s t i t u t d e r Universität München 
M e n z i n g e r S t r . 67 8000 M ü n c h e n 19 FRG 
The p h y c o b i l i s o m e (PBS) i s a u n i q u e antenna System, b e c a u s e 
w e l l - d e f i n e d b u i l d i n g b l o c s c a n be i s o l a t e d f r o m i t , w h i c h 
a l l o w p r i n c i p a l l y t o s t u d y t h e f u n c t i o n a l p r o p e r t i e s , e.g. 
l i g h t a b s o r p t i o n and e x c i t a t i o n e n e r g y t r a n s f e r , as a f u n c t i o n 
o f a g g r e g a t e s i z e and f u n c t i o n a l c o m p l e x i t y ( 1 - 4 ) . B e s i d e s t h e 
s o - c a l l e d l i n k e r P o l y p e p t i d e s , i t i s m a i n l y composed o f p h y c o -
b i l i p r o t e i n s ( p h y c o e r y t h r i n (PE) o r p h y c o e r y t h r o c y a n i n ( P E C ) , 
p h y c o c y a n i n (PC) and a l l o p h y c o c y a n i n (APC) ) . E a c h p h y c o b i l i -
p r o t e i n i s composed o f two ( o r so m e t i m e s more) s u b u n i t s (a,ß) 
b e a r i n g 1-4 o p e n - c h a i n t e t r a p y r r o l i c c h r o m o p h o r e s , w h i c h a r e 
c o v a l e n t l y bound t o c y s t e i n r e s i d u e s o f t h e a p o p r o t e i n v i a 
t h i o e t h e r l i n k a g e s ( 3 - 5 ) . I n any g i v e n p h y c o b i l i p r o t e i n t h e 
c h r o m o p h o r e s d i f f e r i n t h e i r s p e c t r o s c o p i c p r o p e r t i e s and t h e i r 
c h e m i c a l r e a c t i v i t i e s . As shown i n T a b l e 1 f o r C - p h y c o c y a n i n 
(PC) f r o m M a s t i g o c l a d u s l a m i n o s u s d i s c u s s e d h e r e , t h i s i s e v e n 
t r u e f o r p i g m e n t s b e a r i n g c h r o m o p h o r e s o f i d e n t i c a l m o l e c u l a r 
s t r u c t u r e . T h e s e d i f f e r e n c e s a r i s e f r o m t h e d i f f e r e n t p r o -
t e i n e n v i r o n m e n t and d i s t i n c t c o n f o r m a t i o n s o f t h e i n d i v i d u a l 
c h r o m o p h o r e s i n t h e n a t i v e s t a t e . 
The P o l y p e p t i d e and c h r o m o p h o r e s t r u c t u r e s o f t r i - a nd hexa m e r s 
o f C - p h y c o c y a n i n s (PC) w h i c h a r e t h e b a s i c b u i l d i n g b l o c s o f 
p h y c o b i l i s o m e s , h a v e b e e n d e t e r m i n e d w i t h h i g h r e s o l u t i o n by 
x - r a y c r i s t a l l o g r a p h y ( 5 ) . F o r t h e a n a l y s i s o f e n e r g y t r a n s f e r 
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( 6 , 7 ) and p h o t o c h e m i c a l p r o p e r t i e s (8) i t i s n e c e s s a r y t o know 
i n a d d i t i o n t h e e l e c t r o n i c s t r u c t u r e s (9) and component s p e c t r a 
(6,10) o f t h e i n d i v i d u a l c h r o m o p h o r e s . The component s p e c t r u m 
f o r t h e S i n g l e c h r o m o p h o r e o f PC ( a - 8 4 , F i g . l ) c a n be d e t e r m -
i n e d d i r e c t l y f r o m t h e i s o l a t e d a - s u b u n i t . The o n e s o f t h e two 
ß-chromophores ( F i g . 1) h a v e b e e n o b t a i n e d by r e s o l u t i o n o f t h e 
a b s o r p t i o n s p e c t r u m o f t h e ß-subunit (6,10) and a s s i g n m e n t o f 
t h e ß-84 c h r o m o p h o r e by m o d i f i c a t i o n o f t h e n e i g h b o r i n g c y s - 1 1 1 
w i t h p - c h l o r o - m e r c u r y b e n z e n e s u l f o n a t e (PCMS) ( 1 1 ) . The same 
co m p o n e n t s c a n be u s e d f o r t h e (a,3)-monomer ( = h e t e r o d i m e r ) , 
b e c a u s e i t s s p e c t r u m i s t h e sum o f t h e s u b u n i t s p e c t r a . 
T a b l e 1 : S p e c i f i c A t t r i b u t e s o f I n d i v i d u a l C h r o m o p h o r e T y p e s 
o f PC f r o m M a s t i g o c l a d u s l a m i n o s u s ( f r o m r e f . 3,4,6,8,10,11) 
C h a r a c t e r i s t i c s a - 8 4 3 - 8 4 3 - 155 
R e a c t i o n w i t h PCMS - + -
A b s o r p t i o n Maximum [nm] 616 - 618 622 - 624 598 - 600 
F l u o r e s c e n c e + + -
O p t i c a l A c t i v i t y + - + 
R e v e r s i b l e P h o t o c h e m i s t r y - + + /-< i > 
C o n f o r m a t i o n A c c o r d i n g t o 
X-Ray C r y s t a l S t r u c t u r e 
z z z ZZZ z z x < 2 > 
1) The c o n t r i b u t i o n o f t h i s c h r o m o p h o r e t o p h o t o c h e m i s t r y i s 
s t i l l u n c e r t a i n . 
2) R i n g D i s a l m o s t p e r p e n d i c u l a r t o r i n g C ( 5 , s e e a l s o 8) 
The s p e c t r o s c o p i c p r o p e r t i e s o f l a r g e r a g g r e g a t e s c a n no 
l o n g e r be d e s c r i b e d as a sum o f t h e same s u b u n i t component 
s p e c t r a ( T a b l e 2 ) . The a b s o r p t i o n maxima o f h i g h e r a g g r e g a t e s 
show more o r l e s s p r o n o u n c e d r e d - s h i f t s w h i c h h a v e t o be 
a c c o u n t e d f o r i n t h e component s p e c t r a . T h i s i s i n p a r t i c u l a r 
n e c e s s a r y w i t h l i n k e r - c o n t a i n i n g t r i m e r s and p h y c o b i l i s o m e s . 
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F i g . 1: S i n g l e c h r o m o p h o r e 
s p e c t r a o f PC f r o m M. l a m i n o -
s u s . The s p e c r a o f chromo-
p h o r e s ß-84 and ß-155 were 
o b t a i n e d by d e c o n v o l u t i o n o f 
t h e ß-subunit s p e c t r u m 
a s s u m i n g a s i m i l a r l i n e s h a p e 
as t h e a-84 c h r o m o p h o r e . 
500 600 700 
X [nm] 
T a b l e 2 : Some C h a r a c t e r i s t i c s o f PC i n D i f f e r e n t A g g r e g a t i o n 
S t a t e s and i t s Two S u b u n i t s 
U n i t A g g r e g a t i o n 
S t a t e o f PC 
n 1 > A b s o r p t i o n A B 8 x 
[nm] [cm- 1 mM~ 1 ] 
M o l e c u l a r 
w e i g h t [kDa] 
a - S u b u n i t d i m e r 2 616 244 3 6 . 0 2 > 
ß-Subunit d i m e r 4 604 328 38. 8 2 > 
PC (a,ß) monomer 3 612 286 37 . 4 2 > 
PC (a,ß) 3 t r i m e r 9 619 896 112. 2 2 > 
P C + l i n k e r t r i m e r 9 630 nd -140 
PBS ^ d o d e c a m e r 3 > £36 «632 - «560 
1) n = number o f c h r o m o p h o r e s 
2) a c c o r d i n g t o amino a c i d s e q u e n c e (12) 
3) c a l c u l a t e d p e r r o d , e a c h p h y c o b i l i s o m e c o n t a i n s s i x r o d s 
Component s p e c t r a t h u s h a v e t o be d e r i v e d s e p a r a t e l y i n s u c h 
a g g r e g a t e s . I t h a s been s u g g e s t e d , t h a t i n t e r a c t i o n s o f t h e 
l i n k e r s w i t h c h r o m o p h o r e ß-84 may be an i m p o r t a n t f a c t o r i n 
s p e c t r a l m o d i f i c a t i o n s , b e c a u s e i t i s c l o s e t o t h e c e n t r a l 
c a v i t y o f t h e d o u g h n u t - s h a p e d t r i m e r s and h e x a m e r s i n w h i c h t h e 
l i n k e r s a r e p r o b a b l y l o c a t e d ( 5 , 1 3 ) . 
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To t e s t t h e h y p o t h e s i s , we ha v e e x t e n d e d t h e PCMS method t o t a g 
t h i s c h r o m o p h o r e i n p h y c o c y a n i n s f r o m d i f f e r e n t o r i g i n s and o f 
d i f f e r e n t a g g r e g a t i o n s t a t e s . The r e s u l t s ( T a b l e 3) show t h a t 
i t i s p o s s i b l e b y t h i s method t o o b t a i n p e r t u r b a t i o n s p e c t r a 
r e l a t e d t o c h r o m o p h o r e ß-84 o f PC i n a g g r e g a t e s r a n g i n g f r o m 
t h e ß-subunit t o PBS (APC i s u n r e a c t i v e , and t h e PEC d i f f e r e n c e 
s p e c t r u m o c c u r s a t much s h o r t e r w a v e l e n g t h s t h a n t h a t o f P C ) . 
T a b l e 3 : T r e a t m e n t o f P C - A g g r e g a t e s and - S u b u n i t s w i t h PCMS 
P i g m e n t 
A b s o r p t i o n 
Am a x [nm] 
A b s o r p t i o n c 
A . i n [nm] %
 1> 
l i f f e r e n c e 
Ama x [nm] % i > 
tu *> 
[min] 
M. l a m i n o s u s 
PC (monomer) 612 613 14.3 654 9. 1 15 
PC ( t r i m e r ) 618 626 17.6 658 16. 1 120 
o c - S u b u n i t 616 - - - -
ß-Subunit 604 617 18.2 655 19. 3 15 
PC + l i n k e r 630 634 25.5 662 10. 5 300 
PEC 573 5 7 3 / 5 9 8 3 > 25.9 645 13. 1 30 
APC 653 - - - -
PBS 632 625 4.6 660 2. 1 1440 
T o l i p o t h r i x 
d i s t o r t a 
PC ( t r i m e r ) 613 623 37.2 657 10. 2 180 
S p i r u l i n a 
p l a t e n s i s 
PC ( t r i m e r ) 620 621 26.4 657 9. 7 60 
1) R e l a t i v e c h a n g e i n % o f maximum a b s o r b a n c e b e f o r e r e a c t i o n 
2) Time r e q u i r e d f o r r e a c h i n g 50% o f f i n a l a b s o r p t i o n c h a n g e 
3) d o u b l e maximum 
The a b s o r p t i o n maximum shows a monotonous r e d - s h i f t w i t h i n -
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t h e d i f f e r e n c e s p e c t r u m s h i f t s f i r s t t o t h e r e d w i t h i n c r e a s i n g 
a g g r e g a t e s i z e , b u t t h e n a g a i n t o t h e b l u e i n PBS. However, t h e 
a m p l i t u d e o f t h e d i f f e r e n c e s p e c t r u m i n PBS i n much d e c r e a s e d 
as c o m p a r e d t o s m a l l e r a g g r e g a t e s . P o s s i b l y , p a r t o f t h e ß-84 
c h r o m o p h o r e s a r e t h e n i n a c c e s s i b l e t o t h e r e a g e n t , and t h e 
d i f f e r e n c e s p e c t r u m r e f l e c t s o n l y t h e a c c e s s i b l e f r a c t i o n . The 
much s l o w e r k i n e t i c s o f t h e r e a c t i o n , and t h e c o m p a r a b l y h i g h 
e n e r g y o f t h e m o d i f i e d c h r o m o p h o r e s w o u l d be c o m p a t i b l e w i t h 
t h i s i n t e r p r e t a t i o n . 
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t r a n s i t i o n d i p o l e 282f 
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APC-B l l f 
energy t r a n s f e r 300, 439f, 
451f, 457f 
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see a b s o r p t i o n 
see assembly 
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609 
see c i r c u l a r d i c h r o i s m 
see Chlorophyll 
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see c o r e 
see l i g h t - h a w e s t i n g s 
see Organization 
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Apoprotein, c o v a l e n t bond 78 
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233f, 258, 543f 
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323f, 332f, 340f, 349f, 357, 
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106f, 115f, 201f, 413, 423, 
513f 
aggregation 94f, 565 
subunit i s o l a t i o n 99 
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n a t i v e s p e c t r a 247f 
B890 (896): 349, 425, 514, 519f 
B1012 (1020): 115, 361 
B a c i l l a r i o p h y t a , 155 
see Phaeodactvlum 
B a c t e r i a 
see b i l i p h y t a 
see cynaobacteria 
see i n d i v i d u a l s p e c i e s 
see p h o t o s y n t h e t i c b a c t e r i a 
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B a c t e r i a l l i g h t * h a r v e s t i n g 
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103f, 115f, 323, 349f, 555f 
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543f 
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555f 
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418f, 531f, 543f, 601 
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aggregation 141f, 365 
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aggregate s t r u c t u r e 148f 
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oligomer 141f, 323f, 543f 
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hyperchromism 101, 108 
r e d - s h i f t 101, 103, 108, 
323f, 409, 556f 
Bacteriorhodops i n 214 
Ba r l e y 175f, 407 
Chlorophyll b - l e s s mutant 
179f 
Baseplate 365, 419, 543 
Behl see B a c t e r i o c h l o r o p h y l l 
Beta sheet 556 
B i l i p h y t a 167 
B i l i p r o t e i n 
see a l l o p h y c o c y a n i n 
see p h y c o b i l i p r o t e i n 
see phyaDchrome 
see phycxx^anin 
see p h y c o e r y t h r i n 
see phycxDeryttoccyariin 
see phytochrome 
B i o s y n t h e s i s , r e g u l a t i o n 294f 
B i s - i m i d a t e s 67 f 
Bleaching, b i l i p r o t e i n s 77 
B l o t , Northern 
b a c t e r i a l IHC, 24f 
B l o t , Western 
a l g a l IHC 160 
spinach t h y l a k o i d p r o t e i n 
263f 
sorghum t h y l a k o i d p r o t e i n 
266f 
Blue/UV liojit r e e e p t o r 262 
Brown algae see Riaeophyta 
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C a l o t h r i x 50f, 59, 223 
O-irütene ß - , 170, 174f 
Carotenoid 1, 115f, 153f, 167f, 
202, 211, 213, 349, 379f, 426, 
515, 535 
see d i a d i n o x a n t h i n 
see f u c o x a n t h i n 
see h e t e r o x a n t h i n 
see l u t e i n 
see neoxanthin 
see p e r i d i n i n 
see v a u c h e r i a x a n t h i n 
see v i o l a x a n t h i n 
see x a n t h o p h y l l 
t r i p l e t S t a t e 339f 
CAPS 317f, 474 
CD see c i r c u l a r d i c h r o i s m 
C e n t r i f u g a t i o n , sucrose d e n s i t y 
120, 168, 201, 250 
Chaotropic s a l t 310 
Charge 
complementarity 241 
Separation 375, 403f, 528 
C h i see Chlorophyll 
Chlorobium l i m i c o l a ' 3. 129f, 
141, 365f, 418f, 531f, 601 
C h l o r o f l e x u s a u r a n t i a c u s 3, 
106, 219f, 141f, 162, 418, 
531f, 543f, 601 
Chloromonadophyta 158 
see i n d i v i d u a l algae 
C h l o r o p h y l l (Chi) 1 
b i o s y n t h e s i s 263f 
Chi a 19, 35f, 175f, 211, 
213, 406 
C h i a/b-protein 175f, 406 
d i v e r s i t y 175f, 163f, 602 
Chi a/c r a t i o s 155 
C h i b 155f, 175f, 211, 213, 
602 
C h i b - l e s s mutant, b a r l e y 
175f 
C h i c 35f, 153f, 167f, 602 
e x t r a c t i o n 157 
h e t e r o x a n t h i i y d i a d i n o -
x a n t h i n complex 167f 
c o n t a i n i n g a lgae 153 
C h i c 2 154 
e v o l u t i o n 162 
i s o t r o p y 213 
o r i e n t a t i o n 213 
p r o t e i n (CP) 
CPI, I I : 241 
(^amydoroonas 376, 407 Chlorophyta 153f, 167 
see i n d i v i d u a l algae 
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C h l o r o p l a s t 
cxyptophyte 35f 
rhodophyte 217 
spinach 211, 263f, 408, 
567f, 590f 
t r i t i c u m 387f 
Chlorosome 3, 129f, 141f, 145f, 
365, 418, 531f, 543f, 601 
C h o l i c a c i d 94, 118 
Chroinatic a d a p t a t i o n 89, 228f, 
403f 
C h r o n a t i i M 
tepidum 360 
virasum 116f, 357, 404 
Chromatofocusing, 
b a c t e r i a l IHC 202 
Chromatography 
i o n exchange 202 
r e v e r s e phase 131 




conformation, PC 4, 72f, 
196f, 307f, 483f, 507 
attachment, PC 222 
d i f f e r e n t i a l r e a c t i v i t y 83 
d i s t a n c e s 324, 332, 500, 
559f 
geometry 318, 325 
i n t e r a c t i o n 67, 196f, 332, 
416f, 483f, 507f 
p r o t e i n i n t e r a c t i o n 186f, 
277, 317f, 324, 416f, 483f 
s t r u c t u r e 
PC 196f 
Behl c 196f, 366 





sp. 37, 54f, 60 
CS24: 42 
Chrysophyta 153 f 
see Trlbonema 
see NarffKxAiloropsis 
C i r c u l a r d i c h r o i s m (CD) 
a l g a l IHC 161 





phycxxyanin 72, 483f 
p l a n t IHC 214 
Clone, PC 219 
C l u s t e r , pigment 279, 420f 
Coherent a n t i - S t o k e s Raman 
spectroscopy (CAPS) 317f, 474 
Concentration e f f e c t s 333, 366 
C o n f i g u r a t i o n see chromophore 
Conformation 
see chromophore 
see p r o t e i n 
Conformational b a r r i e r s 300 
Copolemia sinuosa 159 
Core 3 
antenna, b a c t e r i a l 106f, 
115f, 234f, 287f, 375f, 
425f, 448 
b a c t e r i a l p h o t o s y n t h e t i c 
u n i t 115f, 420f 
phycobilisome 11, 61f, 464 
PS I I : 263 
Couette c e l l 283 
C r i t i c a l m i c e l l a r c o n c e n t r a t i o n 
(cmc) 96 
C r o s s - l i n k i n g 
a n a l y s i s SDS-PAGE 67 
p h y c o b i 1 i p r o t e i n s 61f 
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sp. 37, 155 
Qryptophyta 35f, 49f, 155f 
see Chroomonas 
see Cryptomonas 
Cryptophyte p h o t o s y n t h e t i c 
membrane 35f 
C r y p t o v i o l i n 54f, 59 
C r y s t a l 2 
three-dimensional 
b a c t e r i a l core 119, 125f, 
201f, 355 
b a c t e r i a l IHC 125f, 201f, 
234 
riiy c o c y a n i n 5f, 58f, 71f, 
79, 195f, 601 
p l a n t IHC 180f, 212f 
two dimensional 
p l a n t IHC 211 
b a c t e r i a l IHC 235 
Cy a n e l l e see Cyanophora 
Cvanidium caldarium 30 
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Cyanobacteria 21f, 49f, 61f, 
71f, 77f, 89f, 95f, 217f, 286, 




see A n a c v s t i s 
see C a l o t h r i x 
see Cyanophora 






see S p i r u l i n a 
see Synechocoocus 
see Synechocystis 
see T o l y p o t h r i x 
Cyanophora paradoxa 217f 
C y s t e i n 
b i l i p r o t e i n bond 4, 71 
m o d i f i c a t i o n 71f, 317f, 469f 
Cytxx^hrome 376 
Cytochrome b/f complex 261 
Qrtcchrome b559: 263 
Cytoplasmic membrane 418, 543f 
Dl/2 p a r t i c l e s 376f, 409 
Deconvolution, gaussian* 493 
see a b s o r p t i o n 
Decylmaltoside 176 
Dehydrated phycocyanin, photo-
chemistry 77 f 
Denaturation, b i l i p r o t e i n 4, 
77f 
Deriphat 160 see itonosodium-N-
lauryl-ß-iminodipropionate 
Detergents 
see c h o l i c a c i d 
see d e c y l m a l t o s i d e 
see l - d o d e c y l - 2 -
desoxyphosphorylcholin 
see dodecyl-D-maltoside 
see d i g i t o n i n 
see dcdecyldimethylaminoxide 
see dodecylmaltos i d e 
see hepty 1 t h i o g l u c o s i d e 
see l i t h i u m dodecy 1 s u l f a t e 
see monosodium-N-lauryl-ß-
iminodipropionate 
see n o n y l - g l u c o s i d e 
see octyl-/3-r>^lucopyranoside 
see octylpentaoxcyethylene 
see sodium dodecy 1 s u l f a t e 
see Surfactant, g l y c o s i d i c 
see T r i t o n X-100 
Debye-Waller-factor 294 
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Development, p h o t o s y n t h e t i c 
apparatus 256 
D i a d i n o x a n t h i n 155f, 167f 




D i g i t o n i n 168 
D i h y d r o b i l i n 81 




D i s s o c i a t i o n , r e v e r s i b l e 
b a c t e r i a l IHC 94f 
ENA. see sequence 
D i t h i o n i t 420, 585 




93f, 118, 201 
Dodecyl-D-maltoside 118, 176f 
Domain, p h o t o s y n t h e t i c * 
pigment b i n d i n g 103f, 129f, 
153f, 175f, 601 
Durbin-Watson parameter 598 
Ecology 
a l g a l antennas 163 
molecular 77 
E c t o t h i o r h o d o s p i r a h a l o c h l o r i s 
115, 235, 361 
E l e c t r o n 
aeeeptor, inte r m e d i a t e 579f 
d i f f r a c t i o n 212 
microscopy 21f, 35f, 212 
f r e e z e - f r a c t u r e 35f, 22f, 
93f 
f r e e z e - e t c h i n g 22f 
s p i n resonance (ESR) 94, 
278, 339 
t r a n s f e r 278, 548 
E l e c t r o p h o r e s i s , g e l * 
Emission s p e c t r a , f l u o r e s c e n c e * 
Endosymbiosis 35 
Energy 
b a c k - t r a n s f e r 528, 572 




b i l i p r o t e i n s 57, 60, 
439f, 451f, 457f, 469f, 
483f, 491f, 507f 
b a c t e r i a l IHC 247, 253f, 
289, 513, 531f, 549f 
p l a n t IHC 44, 413 
r a t e constant 407, 469f, 
500, 507f, 533, 573 
t r a p p i n g 406, 410f, 525, 
546, 568 
E q u i l i b r a t i o n 
E s c h e r i c h i a c o l i 218 
ESR 94, 278, 339 
E t i o p l a s t 263f 
Eustigmatophyta 155f, 167f 
see P o l v e d r e l l a 
E v o l u t i o n b i l i p r o t e i n s 57 
E x c i t a t i o n a n n i h i l a t i o n * 
E x c i t o n 
see a n n i h i l a t i o n 
c o u p l i n g 214, 279, 331, 447, 
465, 469f, 483f, 507f, 555f 
dynaniics 407 
State, a b s o r p t i o n 332, 390 
F680: 408, 567f, 591f 
F683: 591f 
F710:408, 572 
F735: 408, 569, 591f 
Femtosecond spectroscopy 426, 
457f 
F i s c h e r e l l a sp. PCC 7603: 221 
Fluorescence 
decay 407, 439f, 451f, 469f, 
571, 579f, 592f 
emission s p e c t r a * 302, 439f, 
521f, 535, 591 
e x c i t a t i o n s p e c t r a 443f, 
491f, 526 
i n d u c t i o n 40 
i n d u c t i o n k i n e t i c s 119, 124f 
l i f e t i m e 443f, 453, 460f, 
477, 568f, 581, 592f 
l i n e narrowing 297 
p o l a r i z a t i o n 198f, 258, 
419f, 439f, 460, 491f, 521f 
PS I I : 40 
s p e c t r a 
a l g a l IHC 172, 302 
b a c t e r i a l IHC 248, 443, 
491f, 521f, 547f 
c h l c p r o t e i n 169, 365 
phycxcyanin 72 
PS I : 172 
y i e l d , b i l i p r o t e i n 533, 552 
F l u o r e s c i n g chromophore 296f, 
413f, 439f, 454, 469f, 476f 
Förster itechanism 404, 415f, 
457f, 469f, 491f, 507f, 601 
F r a c t u r e f a c e s 
see e l e c t r o n microscopy 
Fremyella d i p l o s i p h o n 50f, 59 
FITR see i n f r a r e d 
Fucx>xanthin 154 f , 168, 602 
energy t r a n s f e r 158 
adaptive s i g n i f i c a n c e 163 
Fucus 155 
s e r r a t u s 37 
Function 
Gaussian, deconvolution 491f, 
589f 
Gel e l e c t r o p h o r e s i s 
b a c t e r i a l antenna 121, 248f, 
318 
non-denaturing 176f 
p r e p a r a t i v e 170, 325 
SDS 158, 175f 
Gene 
see operon 
b a c t e r i a l PS 236f, 247, 253f 
b a c ^ e r i o c h l o r o p h y l l 
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s y n t h e s i s 237f 
b i l i p r o t e i n 220f 
ca r o t e n o i d s y n t h e s i s 237f 
chromophore attachment 222 
expression c o n t r o l 225f, 
237f 
l a c Z 219 
IÜCP f a m i l y 41 
l i n k e r 220f 
marker, drug r e s i s t a n c e 219 
map 
c y a n o b a c t e r i a l 2 2 l f 
b a c t e r i a l 253 
p l a n t 261f 
spinach p l a s t i d 270 
n u c l e a r 261f 
phycobilisome 220f 
p l a s t i d 261f 
r e g u l a t o r y 239 
t r a n s f e r 250 
Genetic exchange System 
b a c t e r i a l 236f 
c y a n o b a c t e r i a l 217f 
Glenodinium 42, 155 
G l o b a l data a n a l y s i s 452, 494, 
580, 589 
Gonyaulax polyedra 37, 42, 155 
Grana 211 
Green algae 
see i n d i v i d u a l algae 
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Green b a c t e r i a 
see p h o t o s y n t h e t i c b a c t e r i a 
G r i f f i t h s i a p a c i f i c a 32 
H-bond 149f, 317, 352, 357, 
361, 484f 
Halobacterium halobium 214 
H e l i c a l wheels, b a c t e r i a l IHC 
136f 
H e i i x content, a l g a l IHC 161 
H e p t a n e - l , 2 , 3 - t r i o l 125f 
Hepty 1 - t h i o g l u c o s i d e 176 
Heterogeneity 407f, 454 
Heteroxanthin 167f 
H i g h - l i g h t a d a p t a t i o n 37 
High molecular weight 
P o l y p e p t i d e see l i n k e r 
H i ^ i e r p l a n t * 
H i s t i d i n 
b a c t e r i c c h l o r x ^ i y l l - b i n d i n g 
106, 112 
Hole burning 278, 293f, 390 
Homogeneous 
brcadening 293f, 390 
l i n e w i d t h 293f, 391 
Homology 
see sequence 
see p h y l o g e n e t i c 
Hydropathy p l o t 132, 324 
Hydrogen bond 149f, 315, 352, 
357, 361, 484 
Hyperchrcmism 
see b a c ^ e r i o c h l o r o p h y l l 
Image p r o c e s s i n g 212 
Immunoblot see B l o t , western 
ImrnLUX>-cross-reactivity l l f 
a l g a l IHC 159 
anchor P o l y p e p t i d e 11E 
Iminunofractionation 236 
Immunogold-labeling 36f 
I n f r a r e d s p e c t r a 
c h l c oligomer 142, 145f 
Inhcrocgeneous brcadening 233f, 
293f, 387f, 391 
I n s e r t i o n s e l e c t i o n 219 
I n t e r a c t i o n 
chromophore*-protein 
phycxtoiliscme-thylakoid* 
Intra-ineiiibrane* antenna complex 
I n t r a t h y l a k o i d a l m a t e r i a l 35f 
I r r e v e r s i b l e b l e a c h i n g 
phytxx^yanin 78 
I s o e l e c t r i c f o c u s s i n g 
phycocyanin 79 
L a t e r a l movement, 
r e g u l a t i o n 38 
L a u r y l see dodecy1... 
LD see l i n e a r d i c h r o i s m 
IDAD see Dodecy l d i m e t h y l -
amineoxid 
IDS see Li t h i u m d o d e c y l s u l f a t e 
Leaf development 269f 
Leucoplast 35 
L e v u l i n i c a c i d 239 
IHC, see l i g h t - h a r v e s t i n g 
complex 
619 
L i f e t i m e 
f l u o r e s c e n c e * 
pump-probe* 
L i g h t capture, ocean 163 
L i g h t h a r v e s t i n g complex 
see p h y c o b i 1 i p r o t e i n s 
see phycobilisome 
a l g a l 153f, 167f 
assembly 2 4 l f 
b a c t e r i a l 
d i v e r s i t y 601 
g e n e t i c s 233f 
mutants 233 f , 247f 
Organization 233f, 281, 
307, 317 
c h l a/b-protein (LHC I I ) 
175f, 211f, 355f 
c h l a/c/fucoxanthin 156 
c h l a/c 2, 35 
c h l c - c o n t a i n i n g algae 153 f , 
355f 
IHI: green p l a n t 175f 
IHEI: v a r i e t i e s 177f 
IHC I I b : model 183 
L i g h t r e g u l a t i o n * 262 
L i n e a r Dichroism (LD) 
a l g a l IHC 160 
b a c t e r i a l IHC 203f, 235, 
281f, 523 
phycocyanin 198f 
p l a n t IHC 213 
r e a c t i o n c e n t e r 376f 
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L i n k e r P o l y p e p t i d e 5, l l f , 49f, 
61f, 71f, 319, 413f, 439, 448, 
454 
gene 2 2 l f 
L i p i d 
l a y e r 540 
phase t r a n s i t i o n 540 
Liposome 
i n c o r p o r a t i o n i n t o 38 
P S I I : 27f 
L i t h i u m d o d e c y l s u l f a t e (LDß) 
118, 316f, 349f, 375f, 563 
Low temperature spectroscopy 
293f, 309f, 339f, 408, 422f, 
521f, 534 
L a t e i n 177 
Magnesium, c o o r d i n a t i o n 103f, 
129f, 141f, 352, 356, 360 
Magnes ium-diviny 1 -
pheoporphyrin a 5 158 
Maize 272 
M a n t i o n e l l a squamata 155f 
Mastigocladus laminosus 7, 22f, 
61f, 71f, 77f, 89f, 195f, 214, 
286, 293f, 317f, 451f, 457f, 
469f, 483f, 507f 
M a t r i x 294f 
Membrane 
assembly i n t o 93f, 240, 247f 
complexes 103f 
d i f f e r e n t a t i o n 237f, 247f 
energy t r a n s f e r 543f, 589f 
ph o t o s y n t h e t i c b a c t e r i a 257, 
365 
p r o t e i n 2 l l f 
spanning sequences 103f, 242 
Mercaptoethanol, phycocyanin 
d e n a t u r a t i o n 78f 
M e s o p h i l i c s p e c i e s 360 
Messenger RNA 
h a l f - l i f e 239, 262f 
p r o c e s s i n g 263f 
Micromonas p u l s i l l a 155f 
M i c r o s p e c t r o p h o t x ^ t r y 213 
Microwave induced a b s o r p t i o n 
341 
Mass spectroscopy, p r o t e i n 131 M o l e c u l a r s t r u c t u r e * 
621 
MonosodJAm>-N-lauryl-/3-
imincxiip r o p i n o t e 176 Northern b l o t * 
Mutagenesis 
Chemical 248 
in t e r p o s o n 219 
s i t e - s p e c i f i c 2, 220, 242 
transposon 237f, 247f 
Mutant 
b c h l - l e s s 239f 
c a r o t e n o i d l e s s 93 f 
CMamydcmonas 408 
c h l b - l e s s 239f 
Cyanobacteria 217f 
Kb. c a p s u l a t u s 233f 
Kb. sphaeroides 247f, 427, 
525 
Spinach c h l o r o p l a s t 570 
N-methylasparagine 
see asparagine 
Nostoc l l f 
sp. 12, 281f 








b a c t e r i a l LHC 93f, 115f 
b c h l c 141f 
b i l i p r o t e i n 49f, 61f, 71f 
p l a n t IHC 212, 214 
N-isotope Substitution 309 Operon 
see gene 
Nannochloropsis 173 APC 222f 
atp 262f 
Neoxantin 177 CPC 218f 
pet 262f 
N i t r o g e n s t a r v a t i o n 36, 226 puc 236f, 249 
puf 249f 
Non-covalent i n t e r a c t i o n 78 puh 249f 
psa 262 
Nony l - g l y c o s i d e 176f psb 262f 
rpo 270 
Normal mode 307f, 317f, 351 
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O p t i c a l l y detected magnetic 
resonance (OEMR) 340 
O r g a n i z a t i o n 
Chlorophyll 365f 
cryptophyte t h y l a k o i d 35f 
phycobilisomes 61f, 281, 
293, 307, 317 
pigment 419 
O r i e n t a t i o n 
antenna complex 281f, 507f 
Chlorophyll 365f, 420f 
f a c t o r 461, 500, 507f 
O x i d a t i o n , chemical o f r e a c t i o n 
c e n t e r s 118 
Oxygen 
e v o l u t i o n 40, 406f 
p a r t i a l p ressure 223 f 
s ensing 239 
P680: see phctosystem I I 
P700: see photosystem I 
P870: see r e a c t i o n c e n t e r 
P a r t i a l d e n a t u r a t i o n * 
P a r t i c l e s i z e a n a l y s i s 38f 
Pavlova 
qyrans 155 f 
l u t h e r i 157 
PC see phycocyanin 
PCMS (p-chloromercurybenzene-
su l f o n a t e ) 471 
FE see p h y c o e r y t h r i n 
Pea 175f, 211, 408 
PEC see phycxDerythrocyariin 
P e r i d i n i n 154f, 601 
energy t r a n s f e r 158 
P e r i p h e r a l antenna, 
b a c t e r i a l 106f, 115f 
P e r i p l a s m i c s i d e , see e l e c t r o n 
irricroscopy 
b a c t e r i a l IHC 107 
Phaeodactylum t r i c o r n u t u m 42, 
155f 
Fhaeophyta 155f 
see A c r o c a r p i a 
see Fucus 
see Copolemia 
Phase t r a n s i t i o n 540, 544f 
Fheophytin 375, 381, 409, 424, 
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Ihotochromism 77f, 89f 
r h c t c h e t e r c t r o p h i c growth 218 
I t o e t o i n h i b i t i o n 601 
Ftactanrorphogenesis 89f 
R i o t o r e v e r s i b i l i t y l l f , 89f 
Itaetosynthetic 
b a c t e r i a green 129f, 141f, 
531f, 543f 
see Chlorobium 
see C h l o r o f l e x u s 
see P r c e t h e c o c h l o r i s 
b a c t e r i a , p u r p l e 93f, 103f, 
115f 
see Chrcmatium 




see R h c d o s p i r i l l u m 
see Tniocapsa 
develcpnent 
ENA* s t r u c t u r e 
genes* 
raembrane, o ^ p t o p h y t e 35f 
u n i t , d a t a i n s i z e 255f 
623 
Fhotosystem (PS) 
PS I : 13f, 43, 169f, 175f, 
211, 214, 217, 261f, 406f, 
568 
subunit 170 
PS I I : 24, 28, 175f, 211 
217, 375f, 568, 579f, 591 
core 44, 375f, 412 
p a r t i c l e s 579, 594 
phycobilisome complex 
21f, 32 
r e a c t i o n c e n t e r 40, 375f 
408f 
s p a t i a l d i s t r i b u t i o n 41 
F h y c o b i l i n 
see phycx)cyanobil i n 
see p h y c o e r y t h r o b i l i n 
see c r y p t o v i o l i n 
see p h y c o b i l i p r o t e i n 
H i y c o b i l i p r o t e i n l f , 26, 49f, 
61f, 71f, 77f, 89f, 155, 281f, 
213f, 307f, 317f, 412f, 439f, 
451f, 483f, 601 
complexes 61f 
c r o s s - l i n k i n g 61f 
cryptophytan 35f 
denatured 77f 
i s o l a t i o n procedure 63f 
m u l t i p l e forms 43 
Fhycobilisome 4 f, 61f, 71, 
281f, 293f, 317f, 412f, 601 
anchor P o l y p e p t i d e l l f , 61 
molecular g e n e t i c 217f 
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c o r e 5f, 11, 61f 
Ihycxxihrome 77, 79, 89f 
see chromatic adaption 
Ihycocyanin (PC) 5f, 71f, 77f, 
281f, 293f, 307f, 317f, 413 
c±ircrnopeptide 81 
chrcsnophore assignment 71f 
c r y s t a l s t r u c t u r e 195f 
dehydrated 83f 
denatured 78, 86 
dodecamer see aggregate 
hexamer see aggregate 
monomer see aggregate 
Operon* 218f 
PC 645: 53f 
photochemistry 72, 77f, 
r e g i o s e l e c t i v e r e a c t i o n 77 
r e n a t u r a t i o n 79 
r u b i n o i d a d d i t i o n product 
84f 
subunit 79f, 415, 469f 
t h i o l a d d i t i o n 80 
t r i m e r see aggregate 
Fhy<X)cyanobilin 281f, 597 
i s o m e r i z a t i o n 77f 
s t r u c t u r e 195f 
P h y c o e r y t h r i n (PE) 5f, 49f, 
285f, 413 
B-PE 49f 
PE 545: 36, 54f 
homolcgy 53f 
t r i m e r see aggregate 
-phycocyanin complex 291 
-subunit 49 
I h y c x e r y t h r o b i l i n 49f 




algae 162, 167f 
b i l i p r o t e i n s 49f 
chromophyta 162 
l i n k e r p e p t i d e s 221 
Ihytochrome 77, 79, 89f, 262 
Picosecond spectroscopy 405f, 
413f, 426, 451f, 457f, 469f, 
513f, 519f, 567f, 579f, 589f 
Pigment 
a n a l y s i s , b a c t e r i a l IHC 122f 
b i n d i n g p o l y p e t i d e s l f , 
129f, 375f, 516 
molecule O r g a n i z a t i o n 93 f , 
129f, 141f, 195f, 201f, 
281f, 293f, 307f, 323f, 
349f, 365f, 375f, 483f, 
507f, 555f 
o r i e n t a t i o n 281f, 375f 
pigment i n t e r a c t i o n s 1 
p r o t e i n 
assembly 93f, 175f, 240f 
b i n d i n g aminoacids 103f, 
134f 
cx»rdinator 175f 
i n t e r a c t i o n 1, 77f, 103, 
175f, 195, 293f, 317f, 
519f 
o l i g o m e r i c s t n o c t u r e 175f 
P l a n t 
see A r a b i d o p s i s 






see T r i t i c u m 387f 
Plasmid, 
s h u t t l e - v e c t o r 218 
b a c t e r i a l 253 
P l e u r o c h l o r i s m e i r i m e n s i s 167 f 
P o i n t Charge, s p e c t r a l shift 
hypothesis 104 
P o l a r i z a t i o n 
see a b s o r p t i o n 
see f l u o r e s c e n c e 
see l i n e a r d i c h r o i s m 
P o l a r i z e d o p t i c a l s p e c t r a 282f, 
376f, 443f 
Polyacrylamide 
g e l * e l e c t r o p h o r e s i s 
squeezed g e l 282f, 377f 
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P o l y e d r e l l a h e l v e t i c a 155f 
Polypeptide 
see l i n k e r 
see p r o t e i n 
see sequence 
see s t r u c t u r e 
see subunit 
composition 
a l g a l IHC 158, 172 
b a c t e r i a l IHC 122, 330 
Chlorophyll p r o t e i n 43, 365, 
409 
pigment b i n d i n g 239f, 377 
h i g h molecular weight l l f 
non-pigmented 235 
primary s t r u c t u r e see 
sequence 
P o l y v i n y l a l c o h o l f i l m 282 
Porphyridium cruentum 5, 14f, 
49, 53, 56 
P o s t - t r a n s l a t i o n a l p r o c e s s i n g 
41 
Prasinophyta 153f 
see M a n t i o n e l l a 
see Micromonas 
P r e p a r a t i o n 
a l g a l IHC 167f, 318, 325 
b a c t e r i a l IHC 93f, 116f, 
142, 366 
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chlorosome cxxnponents 13Of, 
142f, 392, 545 
c r y s t a l s 44f 
h i g h MW P o l y p e p t i d e 12 f 
r i i y c c b i l i p r o t e i n 61f, 79f, 
89f, 440, 458, 492 
PS I I p a r t i c l e s 24f, 27f, 
376 
t h y l a k o i d membrane 12 
Primary s t r u c t u r e see sequence 
P r o c h l r o n 162, 217 
Prxx±ilorothrix h o l l a n d i c a 217 
Promoter 
puf 239 
c y a n o b a c t e r i a l 228 
P r o s t h e c o c h l o r i s a e s t u a r i i 114, 
141, 418f, 531f 
P r o t e i n 
see a l s o P o l y p e p t i d e 
docking 240 
environment l f , 293f, 307f, 
352, 355f, 439f, 451f, 464, 
483f, 492 
f o l d i n g 170f 
modeling 133f, 170f 
non-pigment-binding 235 
phosphorylation 38, 179f 
primary s t r u c t u r e see 
sequence 
secondary s t r u c t u r e 
see s t r u c t u r e 
see c r y s t a l 
P r o t e i n - p r o t e i n i n t e r a c t i o n 1 
P r o t e o l y s i s 36 
r e g u l a t i o n by 240 
l i m i t e d 12 
P r c t o c h l o r o p h y l 1 i d e 262 
Prymnesiophyta 153f 
see Pavlova 
PS see photosystem 
Pseudoanabaena sp. PCC 7409 
Pump-probe experiment 387f, 
457f, 479, 513f, 524f, 580f 
Pu r p l e b a c t e r i a see photo-
s y n t h e t i c b a c t e r i a 
P y r i d i n d i s s o c i a t i o n , b c h l c 
145f 




Qx t r a n s i t i o n , 205f, 213, 376f 
Qy t r a n s i t i o n 205f, 213, 323, 
381f, 412, 418f, 556f 
Quantum mechanical c a l c u l a t i o n 
483f 
Quinone 375, 548, 579f 
R a d i c a l p a i r 584 
Raman spectrum 
b i l i p r o t e i n s 307f, 317f, 351 
c h l antenna 355f 
c h l c oligomer 147f, 349f 
Random walk model 407, 414, 
525, 534 
Rate constant 
energy* t r a n s f e r 397 
e l e c t r o n t r a n s f e r 585 
Reaction c e n t e r (RC) 
b a c t e r i a l 115, 247f, 579f 
c l o s e d 407f, 513f, 544f, 580 
open 407f, 513f, 544f, 580 
Po l y p e p t i d e s 106, 112 
RC-B875 complex 116f 
R e a c t i v i t y , d i f f e r e n t i a l o f 
c^iranophores 71f, 77f, 89f 
Reassembly, b a c t e r i a l IHC 93f 
Recombination see a n n i h i l a t i o n 
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R e c o n s t i t u t i o n 
see 1 i g h t - h a r v e s t i n g complex 
Red a l g a e * 
see rhodophyta 
R e d - s h i f t see 
b a c ^ e r i o c h l o r o p h y l l 
R e g i o s e l e c t i v i t y 81 
Reg u l a t i o n 
see chromatic 
see l i g h t 
see n i t r o g e n 
see oxygen 
see p o s t - t r a n s l a t i o n a l 
see p r o t e o l y s i s 
see sulfür 
R e s t r i c t i o n map, b a c t e r i a l 253 
Rhodobacter 
caosulatus 106f, 233f, 249, 
357 
sphaeroides 106f, 115f, 
247f, 325, 357, 404, 423f, 
513f, 519f 
Rhodocyclus g e l a t i n o s u s 106f, 
116f 
Rhodophyta 21f, 49f 
see Porphvridium cruentum 
see Cyanidium caldarium 
see G r i f f i t h s i a p a c i f i c a 
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Rhodcmonas l e n s 37 
Rhcdopseudcmonas 
a c i d o p h i l a 106f, 116f, 339f, 
349f, 357, 516 
a c i d o p h i l a 7050: 108 
p l a s t i c a l l 6 f 
marina 106 
p a l u s t r i s 116f, 205f, 235, 
357 
v i r i d i s 1, 106f, 115f, 206f, 
214, 234, 376, 404, 423f 
R h o d o s p i r i l l a l e s 355 
see i n d i v i d u a l b a c t e r i a 
see p h o t o s y n t h e t i c b a c t e r i a 
R h o d o s p i r i l l u m 
rubrum 93f, 106f, 115f, 234, 
241, 255, 325, 357, 513f, 
525 
s a l e x i g e n e s 235 
R i s e time, f l u o r e s c e n c e * 408, 
439f, 444, 476, 597 
Rod, phyoobilisome* 61f, 281f, 
417f 
R o t a t i o n a l i s o t r o p y 441 
Rotatory s t r e n g t h 486f 
SDS see sodium d o d e c y l s u l f a t e 
Secondary s t r u c t u r e * 
S e n s i t i z i n g chromophore 413f, 
439f, 454, 476f 
Sequence 
ENA 
b a c t e r i a l 237f, 
p h y c o e r y t h r i n 53 
b i l i p r o t e i n 219f 
p r o t e i n 2 
b a c t e r i a l IHC 103f, 520f 
s i m i l a r i t i e s t o RC-PS I I 
103f 
b i l i p r o t e i n s 61f 
cMorosome p r o t e i n s 129f 
IHC I I b 80f 
l i n k e r p e p t i d e s 61f, 
p h y c o e r y t h r i n 49f 
S t r u c t u r e 
see c r y s t a l 
secondary, B873: 94 
S i g n a l t r a n s f e r 239 
S i n g l e photon t i m i n g technique 
441, 452, 580, 590 
S i n g l e t - s i n g l e t a n n i h i l a t i o n * 
Skeletonema costatum 
Scanning c a l o r i m e t r y 546 
Sodium d c d e c y l s u l f a t e (SDS) 
118, 329 
see g e l e l e c t r o p h o r e s i s 
Solvent, nonpolar, 1 4 l f 
Soret band 305f, 356, 556f 
Sorghum 263f 
b i c o l o r 266f 
h y b r i d sudan forage 267 
S p e c i a l - p a i r 
see h i s t i d i n e 
see r e a c t i o n c e n t e r 
b i n d i n g s i t e U l f 
spectrum 324 
S p e c t r a l h o l e * burning 297f 
Spectroscopy 
see a b s o r p t i o n * 
see c i r c u l a r d i c h r o i s m (CD) 
see coherent a n t i - S t o k e s Raman 
see f l u o r e s c e n c e 
see low temperature 
see s t r e a k * camera technique 
a b s o r p t i o n * recovery 
emission (see fluorescence) 
e x c i t a t i o n (see f l u o r e s -
cence) 
n o n - l i n e a r a b s o r p t i o n 387f 
resonance Raman* 147f, 307f, 
317f, 349f, 355f 
t i m e - r e s o l v e d f l u o r e s c e n c e * 
629 
Spi n l a t t i c e r e l a x a t i o n 345 
Sp i n p o l a r i z a t i o n 341 
Spinach 17, 18, 377, 567f, 590 
c h l o r o p l a s t * 
S p i r u l i n a p l a t e n s i s 74 
Squeezed p o l y c ^ l a m i n d e g e l * 
S t a r v a t i o n 
see N i t r o g e n 
see sulfür 
S t a t e t r a n s i t i o n 161, 411 
Streak camera technique 428, 
472, 567f 
Strong i n t e r a c t i o n 534 
S t r u c t u r a l O r g a n i z a t i o n 279, 
333, 349, 361, 376, 520f 
S t r u c t u r e , secondary 
see c r y s t a l 
see sequence 




composition, p l a n t LHC 178f 




s t r u c t u r e , b a c t e r i a l IHC 93f 
Sucrose g r a d i e n t c e n t r i -
f u g a t i o n * 
Sulfür s t a r v a t i o n 226 
S u r f a c t a n t , g l u c o s i d i c 176f 
see i n d i v i d u a l detergent* 
Symbiont 
see O/anophora 217f 
Symmetry property 
c r y s t a l IHC 203f, 213f 
phyoccyanin 470 
Synechoccccus 6301 
spec. 22f, 214, 579f 
spec. PCC 7002: 217f 
s t r a i n AN112: 414, 439f 
Svnechocystis 
PCC 6803: 225 
PCC 6701: 289 
Synura p e t e r s e n i i 155f 
Taxonomic r e l a t i o n 
see Fhylogeny 
Temperature, e f f e c t on 
energy t r a n s f e r 543 
fluo r e s c e n c e 406, 539, 546f 
t r i p l e t State 339f 
Terminal acceptor l l f , 223 
Tetramer 
see aggregate 
T e t r a p y r r o l b i o s y n t h e s i s 239 
Thermophilic s p e c i e s 360, 418, 
543 
Ihiocapsa r o s e o p e r s i c i n a 357 
T h i o l a d d i t i o n 
see phycocyanin 
Three-dimensional s t r u c t u r e 
see c r y s t a l 
T h y l a k o i d membrane 
see e l e c t r o n microscopy 
b i o g e n e s i s 261 
chromophytes 161 
cyanobacteria 22f, 379f 
i n t e r a c t i o n phycobilisome 
l l f , 413 
p a r t i c l e a n a l y s i s 21f, 35f 
pigment a n a l y s i s 170 
p l a n t 175f, 407 
s t a c k i n g 37f 
T o l v p o t h i x d i s t o r t a 74 
T r a n s c r i p t i o n 
c o n t r o l 226f, 239f 
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p o s t - , c o n t r o l 264f 
p o l y c i s t r o n i c 269f 
Transinembrane 
h e i i x 43, 243 
p a r t i c l e 43 
T r a n s i t i o n d i p o l e (Q*) 
Transposon see mutagenesis 
Trlbonema aequale 155f 
Trimer see aggregate 
T r i p l e t 
State 278 
- t r i p l e t a b s o r p t i o n 339f 
y i e l d 339 
T r i t i c u m aestivum L. 387f 
T r i t o n X-100: 40, 118, 323f, 
384 
U l t r a o e n t r i f u g a t i o n 
a n a l y t i c a l 71f, 96, 213 
Sedimentation e q u i l i b r i u m 
213 
p r e p a r a t i v e 120, 168 
Uncoupler 240 
V a r i a b l e complex, b a c t e r i a l 
234f 
Vaucheria 158 
Vaucheriaxanthin 155, 170f 
V i b r a t i o n a l frequency 307f, 
317f, 351 
V i o l a x a n t h i n 155, 168 
Weber's m a t r i x method 493 
Wheat see T r i t i c u m 
Xanthophyll 175f 
Xanthophyta 155f, 167f 
see P l e u r o c h l o r i s 
see Synura 
X-ray a n a l y s i s 195f, 201f, 
211f, 405, 416, 483, 507f 
Zero f i e l d Splitting 340f 
Zero phonon t r a n s i t i o n 294 
ZZZ-ZZE isomers 
i n b i l i p r o t e i n s 77f, 89f 
